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where R 1 and R 2 are independently hydrogen or halo; 
A is -CH 2 -CH 2 -, -CHj-CHF^-CHa-, or -CH 2 -CHR5- 
CHR 6 -CH 2 -, where R 4 is -H, -OH, or acyloxy; one of R 5 
or R 6 is -H, -OH, or acyloxy, and the other is -H; R 3 is a 
polyary I; and pharmaceutically acceptable salts and sol- 
vates thereof, are described and claimed. 
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Description 

This invention relates to the field of synthetic organic chemistry. Specifically, the invention relates to pharmaceutical 
compounds that are useful in the field of drug resistance and multidrug resistance. 

Among the problems faced in certain types of drug therapy, including cancer chemotherapy and malaria drug 
therapy, are the phenomena of resistance to treatment regimens. The resistance means, for example, that cancerous 
tumors that have responded well initially to a particular drug or drugs, later develop a tolerance to the drug(s) and 
cease responding. Drug resistance is the name given to the circumstance when a disease (e.g., malaria or cancer) 
does not respond to a treatment drug or drugs. Drug resistance can be either intrinsic, which means the disease has 
never been responsive to the drug or drugs, or it can be acquired, which means the disease ceases responding to a 
drug or drugs that the disease had previously been responsive to. Multidrug resistance is a specific type of drug re- 
sistance that is characterized by cross-resistance of a disease to more than one functionally and/or structurally unre- 
lated drugs. Multidrug resistance in the field of cancer, is discussed in greater detail in "Detoxification Mechanisms and 
Tumor Cell Resistance to Anticancer Drugs," by Kuzmich and Tew, particularly section VII "The Multidrug-Resistant 
Phenotype (MDR),' Medical Research Reviews , Vol. 11, No. 2, 185-217, (Section VII is at pp. 208-213) (1991); and in 
'Multidrug Resistance and Chemosensitization: Therapeutic Implications for Cancer Chemotherapy, by Georges, Sha- 
rom and Ling, Advances in Pharmacology , Vol. 21, 185-220 (1 990). 

Treatment of drug and multidrug resistance typically involves the coadministration of a drug suitable for treatment 
of the disease and a compound known as a drug resistance modulator or a multidrug resistance modulator. Drug and 
multidrug resistance modulators act through various mechanisms to cause a drug or drugs suitable for treatment of a 
disease to begin and/or continue to function as a therapeutic agent. 

One known mechanism by which certain drug and multidrug resistance modulators function is by their interaction 
with a protein that is variously called Multidrug-Resistance 1 protein (MDR1), Pleiotroptc-glycoprotein (P-glycoprotein), 
Pgp or P1 70, referred to herein as "P-glycoprotein". P-glycoprotein is endogenous in cell membranes, including certain 
drug resistant cells, multidrug resistant tumor cells, gastrointestinal tract cells, and the endothelial cells that form the 
blood brain barrier. P-glycoprotein acts as an efflux pump for the cell. Certain substances, undesirably including treat- 
ment drugs for various diseases, are pumped out of the cell by the P-glycoprotein prior to their having an effect on the 
cell. Drug and multidrug resistance modulators interact with P-glycoprotein. This interaction interferes with the P-glyc- 
oprotein "drug efflux pump" action thereby permitting the treatment drug to enter and remain in the cell and have its 
intended effect. 

In addition to inhibiting the efflux of various drugs from tumor cells, drug and multidrug resistance modulators that 
interact with P-glycoprotein also function to enhance oral bioavailability of nutrients or drugs, that are affected by the 
action of P-glycoprotein, through the gastrointestinal tract. Oral bioavailability refers to the ability of a drug that is 
administered orally to be transported across the gastrointestinal tract and enter into the bloodstream. A drug or multidrug 
resistance modulator that interacts with P-glycoprotein should enhance the oral bioavailability of a drug or nutrient by 
interfering with the efflux pump action of P-glycoprotein. 

P-glycoprotein is believed to be present on both sides of the endothelial cell layer of the capillary tube of the brain. 
It is this capillary tube that functions physiologically as the blood-brain barrier. The blood brain barrier is believed to 
restrict the entry of many different types of compounds, including drugs whose site of action is within the brain, from 
entering the brain. Certain drug and multidrug resistance modulators that interact with P-glycoprotein also can function 
to enhance bioavailability of a drug to the brain by interacting with P-glycoprotein and thus interfering with the drug 
efflux pump action of P-glycoprotein on the treatment drug. This interference permits more of the treatment drug to 
cross the blood-brain barrier into the brain and remain there. 

Certain drug or multidrug resistance modulators that interact with P-glycoprotein are known. They include: vera- 
pamil (a calcium channel blocker that lowers blood pressure and has also been found effective in vitroior treating drug- 
resistant malaria), certain steroids, trifluoroperazine (a central nervous system agent), vindoline, and reserpine (an a- 
2 blocker with central nervous system properties). 

U.S. Patent No. 5,112,817 to Fukazawa et al. discloses certain quinoline derivatives useful for the treatment of 
multidrug resistance in cancer. One of the initially promising active agents, MS-073, was found to be active in in vitro 
testing. However, MS-073 was found to have poor oral bioavailability and to suffer from instability problems in solution. 
Other compounds in the series, such as the biphenylmethylcarbonyl derivative MS-209, have been found to have better 
stability and oral bioavailability, but require the administration of higher doses to be effective as a multidrug resistance 
modulator. 

PCT Patent Application WO 94/24107 discloses 10,11-cyclopropyIdibenzosuberane derivatives which are de- 
scribed as being useful as multidrug resistance modulators. 

There remains a need to discover compounds that will interact with P-glycoprotein so that they will act as drug 
and multidrug resistance modulators to treat drug and multidrug resistance in various diseases. Additional compounds 
that interact with P-glycoprotetn are also needed to act to enhance bioavailability of a drug or drugs to the brain and/ 
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or to act to enhance oral bioavailability of a drug or drugs. 
The present invention provides compounds of Formula (A): 



R 1 R 2 
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where FV and are independently hydrogen or halo; A is -CH 2 -CH 2 , -CH 2 -CHR<-CH 2 -, or -C^^HR^CH^CH 
where R< is -H -OH, or acyloxy; one of R* and R* is -H. -OH, or acyloxy and the other .s -H; and R3 ,s a polyaryl, and 

^^inS TJZ£££^ -positions comprising a compound or P— ^ 
sJiZStZ* sdvate thereof of Formula (A) in association with a pharmaceutical* acceptable earner, diluent, or 

^''TheDresent invention further provides a method of treatment for a drug resistant disease comprising .coadminis- 
tering need thereof 'a resistance modulating amount of a compound or salt or solvate thereof of Formula 
f and an effective amount of a treatment drug for said drug resistant disease. 

W The present invention further provides a method of treatment for a multidrug resistant d.sease , oomj 
ministering to a mammal in need thereof a multidrug resistance modulating amount of a compound or salt or solvate 
thereof of Formula (A) and an effective amount of a treatment drug for said mult.drug resistant disease 

The prese™ invention further provides a method for enhancing bioavailability of a drug to the bra.n, compns ng 
coadm nS ing to a mammal in need thereof a therapeutically effective amount of said drug and an amoun o, a 
compoInS I or sal, or solvate thereof of Formula (A) sufficient to allow said drug to cross the blood-bra,n bamer and 

"^CiSSnl invention further provides a method for enhancing oral bioavailability of a drug comprising adminis- 
tering to a — !r led thereof a therapeutically effective amount o, said drug and an a^ac^r 
salt or solvate thereof of Formula (A) sufficient to allow said drug to be transported across the gastro.ntestinal tract 

40 ST are set forth to il.ustrate and define the meaning and scope of the various terms used ,o 

only carbon and hydrogen, and which may be a cyclic, polycyclic, branched or straight chain rad, al Thn term s 
« Amplified by radLs containing from 1-6 carbon atoms, such as, but not limited to, methyl ■ P"** t-buty., 
pentyl, neopentyl, hexyl, and cyclohexyl. "Lower alkyl" refers to alkyl radicals of from 1-4 carbon atoms. 
The term "acvloxv" refers to the group -0-C(0)-R 7 where R 7 is C,-C 6 alkyl. 
■Po,^ 

All the aromatic rings in these systems may optionally be substituted, with the prov.so that only one to three of the 

of delocalized n electrons above and below the plane of the atoms; furthermore, the * clouds must center a .total °' 
1+2) « electrons, where q is any positive integer. For purposes of this application "aromafc rings an de fined I as 
S rated carbocyclic rings which can optional* be substituted. Aromatic rings can contain any number of carbon 
ss Tms as long as they retain the^^^ 



ring. 



The term "substituted" means one to three hydrogens on the structure have been t ^^ m ^^ 
eties independently selected from the group consisting of bromo, chloro. .odo, fluoro, C r C 6 alkyl, -COOH, ammo, 
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cyano, nitro, trifluoromethyl, difluoromethoxy, and hydroxyl groups, with the proviso that any substituted structure must 

LamS ? 11 *t S,6riCa "r ,eaSibl9 ' aff ° rdS 3 S,ab,e StrUCtUre and is ca P ab,e °' - descS he7e 

thrvl 2^ h P y f ^ 7T mS USSd in ,hS PreSen ' inVen,i0n include ' bu « are not '"""ted « o, naphthyl, phenan^ 
thryl, anthryl. tnphenylenyl. and chrysylenyl. Representative formulae for some of these polyaryl ring systems ,nclude 










and 




The term "carbocyclic" refers to a ring structure which has only carbon atoms in the ring 
The term "halo" refers to fluoro, bromo, chloro and iodo. 

A "pharmaceutically acceptable salt" may be any non-toxic sad derived from an inorganic or organic acid that is 
suitable or admiration as a drug. The salts are derived from inorganic acids, such as hyd^ 

L ds slrjl ^ SU " ate biSU " ate 38 3CetiC S3HS) ' ni,ric acid ' P hos P horic «" and ». like, anorganic 
S2r Sh^ , ^ rOP '° n ' C 3C,d ' 9 ' yCOliC 3Cid ' PyrWiC aCid ' ° xalic acid ' malic acid ' mal °™ ^ -uccinic acd 

, ' T 'f' T*™ aCid ' ° i,fiC add> b6nZOiC acid ' cinnamic acid ' mandeli ° a <*. methanesulfonic acid 
SS^t^T aCid h p - t0,Uene - l,onfc aci * acid, heptanofc acid, cyclopentanepropionic acid 

on c^ ?« D ; ( . 4 |n h y drox y- benz °y | ) benz «« ™ d . 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesul- 

2-ene-1-carboxyl,c acd, glucoheptonic acid. 4,4'-meth y ienebis(3-hvdroxy-2-naphthoic) acid, 3-phenylproSor^ldd 

A "pharmaceutically acceptable solvate" refers to a form of a compound that has clusters of solvent molecules 
oeZte™ 

a tar^tljr S f ,0 ^ d69ree ra,S " 3 drU9 ' ° f ° ther SUbStanC8 ' b — ava ^'° * 
comXTam^T " """"^ ^ adminiSterin9 " aPPr ° Priat9 ' herap9U,ic ° r — - a 

.reatld'Th^r" CtiV r ^T" ™T 3 d ° Sa9S SUffiCien, ,0 C3USe a P osi,ive chan 9 e in lhe di ^ase state being 
ZTaZTl ermpOS " Ve Chan 9 e w,llva ^ inmea *Sdepending on the patient, thedisease and thetreatment being 

! t SXamP !' a " e " eCt,Ve am ° Unt °' a " ° nCOlytic <* n be an amounl thal cau ^ a reduction in the size of 

a cancerous tumor, or where no reduction in tumor size occurs, an effective amount of an oncolytic could be that aZn 
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10 



that causes a decrease in analgesic consumption for the patient suffering from cancer. 

SetLwministering-meansadiseasetreatmentdrugand 
acC ep ^ eTai?" sofvate thereof, are grven to a mamma,. The drug and the impound of FormuMA or a pharma- 
ceutical^ acceptable salt or solvate thereof, are given to a mammal simultaneously or at drfferent time* 

The term "drug resistance" refers to the circumstance when a disease does not respond to a treatment drug or 
drugs Drug resistance can be either intrinsic, which means the disease has never been response to the drug or 
drugs! or « car ^ be acquired, which means the disease ceases responding to a drug or drugs that the d,sease had 

Pr6V StS Canoe" means a specific type o, drug resistance characterized by cross-resistance o, a disease t 
morelhan one functionally and/or structurally unrelated drugs. Multidrug resistance can be either mtr.nsic or acquired. 
Compounds of the claimed invention are compounds of Formula (A): 



R 1 R 2 




30 



35 



SO 



SS 



(A) 

where Ri and are independently hydrogen or halo; A is -CH r CH 2 -, -CH 2 -CHR"-CH 2 -, or - C ^HR5-CHR6-CH 2 - 
wJere * is H -OH, or acyloxy; one of R* and H» is -H, -OH, or acyloxy and the other is -H; and F* ,s a polypi, and 
Dharmaceutically acceptable salts and solvates thereof. 

The compounds of Formula (A) exist in two isomeric configurations defined by the relationship ol the 10 11 -cyclo- 
oJ^ZTX^i sub tituents on the dibenzosuberane. When the 10,11 -cyclopropyl and the 5-p.peraz,nyl 
Situent are Sot oriented in the same direction vis-a-vis the dibenzosuberane (e.g.. both up or bo* down) he 
fsome^ form is called "syn." When the 10, 11 -cyclopropyl and the 5-piperazinyl substituents are ^oriented ,n opposrte 

t ^/multidrug resistance activity, of the compounds of Formula (A) in the "anti" conf.guration has been found to 
be far superior to the activity of the compounds of Formula (A) in the "syn" configuration. 

Certain compounds of Formula (A) will have an asymmetric center within the -A ^ bs « ue ^ e "J * ' s n ° % 
droqen or at whichever one of R* and R« is not hydrogen. These compounds can exist ,n two stereochem cal forms 
called ( + ) and (-) or called (R)- and (S)-, or as mixtures of the two sterioisomers. The (R)- and (8)- des.gnat.on w,ll be 

""wNrspSSLsomers are disclosed and named, the present invention is to be interpreted tc > include ^oth 
the "anti" and "syn" configurations, the individual (R)-and (S)- stereoisomers withm those configurations, as well as 
mixtures, racemic and otherwise, thereof. 

Preferred compounds of the claimed invention include: 

(2R)-anti-1-{3-[4-(10,1^ ° f 
a pharmaceutical^ acceptable salt or solvate thereof, 

(2R)-anti-1-{3 W 10J1<iifluoroc^^ 

or a pharmaceutically acceptable salt or solvate thereof, 

(2R)-antMM3-[4-(10,1^ ° f 8 

pharmaceutically acceptable salt or solvate thereof, 
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(2R)-anti-1-{3-[4-(10J^^ 

a pharmaceutical^ acceptable salt or solvate thereof, 

(2R)-anti-1-{3-[4-(10J1^ or 
pharmaceutically acceptable salt or solvate thereof, 

(2R)-syn-1-{3-[4-(10J1-difluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-2 or 
a pharmaceutically acceptable salt or solvate thereof, 

(2R)-syn-1-{3-[4-(lOJ1^ 

or a pharmaceutically acceptable salt or solvate thereof, 
(2R)-syn-1-{3-[4^ 

pharmaceutically acceptable salt or solvate thereof, ' 

(2R)-synO-{3-[4-(10,11-difluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]^ or 
a pharmaceutically acceptable salt or solvate thereof, 

<2R)-synO-{314-(W 

pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1-{4-[4-(10,11-difluorocyclopropyldibenzosuber-5-yl)piperazin-^ or a 

pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1-{4-[4H10,11-di^^ 

a pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1-{4-[4-(10,1^ 

pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1-{4-[4-(U^ 

pharmaceutically acceptable salt or solvate thereof, 

<2R)-anti-1-{4-[4-(10,11^ or 
pharmaceutically acceptable salt or solvate thereof, 

(2R)-antM-{4-[4-(10^ 

pharmaceutically acceptable salt or solvate thereof, 
(2R)-anti-1-{4-[4-(10,1^ 

a pharmaceutically acceptable salt or solvate thereof, 
(2R)-anti-1-{4-[4-^ 

pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1 -{4-[4-(1 0,1 1 -difluorocyclopropyldibenzosuber-5-yl)pi P erazin-1 -yl]-3-hydroxybutoxy}triphenylene or a 
pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1-{4-(4-(10,^ or 
pharmaceutically acceptable salt or solvate thereof, 

(2R)-an«0 -^ or a phar- 

maceutically acceptable salt or solvate thereof, 

(2R)-anti-1-{3-[4-^ or 
pharmaceutically acceptable salt or solvate thereof, 

(2R)-antM-{3-[4-(10,11^yclopropyldibenzosuber-5-yl)pi P erazin-1-yl]-2-hydrox^ or a phar- 
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maceutically acceptable salt or solvate thereof, 

(2R)-antM-{3-[4-(10J1^ or a phar- 

maceutically acceptable salt or solvate thereof, 

(2R)-antM-{3-[4-(10,11<yclopropyldibe^ or a pharma- 

ceutically acceptable salt or solvate thereof, 

(2R)-antM-{3-[4-(10,114luoro^^ or a 

pharmaceutically acceptable salt or solvate thereof, 

(2R)-antM-{3-[4-(10,11-fluoro^ ° r 
a pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1 -{3-[4-(1 0,11 -fluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy}anthracene, or a 
pharmaceutically acceptable salt or solvate thereof, 

(2R)-antM-{3-[4-(10,m^^ ° r a 

pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-1-{3-[4-(10,11-f^ 0r 3 

pharmaceutically acceptable salt or solvate thereof, 

anti-1-{2-[4-(10,11-cyclopropyldibenzosuber-5-yl)piperazin-1-yl]ethoxy}naphthalene, or a pharmaceutically ac- 
25 ceptable salt or solvate thereof, 

anti-1-{244-(10,11-cyclopropyldibenzosuber-5-yl)piperazin-1-yl]ethoxy}phenanthrene, or a pharmaceutically ac- 
ceptable salt or solvate thereof, 

30 anti-i-{2-[4-(10,11*yclo^ 
able salt or solvate thereof, 

anti-1-{2-[4-(10 l 11-cyclopropyldibenzosuber-5-yl)piperazin-1-yl]ethoxy]triphenylene, or a pharmaceutically ac- 
ceptable salt or solvate thereof, 
35 anti-l-l^K-ClO^I-cyclopropyldibenzosuber-S-yOpiperazin-l-yllethoxyJchrysene, or a pharmaceutically accepta- 

ble salt or solvate thereof, 

(2R)-anti-2-{3-[4-(10,1 1 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy}naphthalene, or 
40 a pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-2-{3-[4-(1 0,1 1 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy}phenanthrene, 
or a pharmaceutically acceptable salt or solvate thereof, 

45 (2 R)-anti-2-{3-[4-(10,11-di^ 

pharmaceutically acceptable salt or solvate thereof, 

(2R)-anti-2-{3-[4-(10,11<iifluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-2-h or 
a pharmaceutically acceptable salt or solvate thereof, 

50 

<2R)-anti-2-{344-(10,11<]ifluo^^ or a 

pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{344-(10,11^ 0f 
55 a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1 -{3-[4-(1 0, 1 1 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy)phenanthrene, 
or a pharmaceutically acceptable salt or solvate thereof, 
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(2S)-anti-1 -{3-[4-(10,1 1 -difluorocyclopropyldibenzosuber-5-yl)pipera2in-1 -yl]-2-hydroxypropoxy}anthracene or a 
pharmaceutical^ acceptable salt or solvate thereof, 

(2S)-anti-1-{3-[4-(10J1<lifluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-2-hydro^ or 
a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1 -{3-[4-(10,11 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy}chrysene, or a 
pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-H4-[4-(10,11<^ or a 

pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-W4-[4-(10,11<^ or 
a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10J1^ifl^ or a 

pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10,11<iifluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-2-hydroxybut or a 

pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10,11 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxybutoxy}chrysene or a 
pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10 l 11<Jifluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-3-hy^ 0 r a 

pharmaceutically acceptable salt or solvate thereof, 

(2S)-antM-{4-[4-(10,11^ or 
a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1 -{4-[4-(t 0, 1 1 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-3-hydroxybutoxy}anthracene or a 
pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1 -{4-[4-(1 0, 1 1 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-3-hydroxybutoxy}triphenylene or a 
pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10,11^ifluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-3-hy 0 r a 

pharmaceutically acceptable salt or solvate thereof, 

(2S)-antM-{3-[4-(1 0,11 -cyclop^ or a phar- 

maceutically acceptable salt or solvate thereof, 

(2S)-anti-1 -{3-[4-(1 0, 1 1 -cyclopropy ldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy}phenanthrene or a phar- 
maceutically acceptable salt or solvate thereof, 

(2S)-antM-{3-[4-(10JlH;y^ or a 

maceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{3-[4-(10 ( 11<yclopropyldibenzosuber-5-yl)piperazin-1-yl]-2-hydroxypropo^ or a phar- 

maceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{3-[4-(10,11-cyclopropyldibenzosuber-5-yl)piperazin-1-yl]-2-hydroxyp or a pharma- 

ceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{3-[4-(10,m or fl 

pharmaceutically acceptable salt or solvate thereof, 

( 2S )-anti-1-{3-[4-(10,miuo^ 
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pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1 - {3 -[4-(10,l1 -fluorocyclopropyldibenzosuber-5-yDpiperazin-l .yl]-2-hydroxypropoxy}anthracene, or a 
pharmaceutical^ acceptable salt or solvate thereof, 
5 (2S)-anti-1 -{3-[4-(10,11 -fiuorocyclo P ro P yldiben Z osuber-5- y l)piperazin-1-yl]-2-hydroxypropoxy}triphenylene. or a 

pharmaceutical^ acceptable salt or solvate thereof, 

(2S)-antM-{3-[4-(10,11-fluorc^^ ° f 8 

io pharmaceutical^ acceptable salt or solvate thereof, 

(2S)-anti-2-{3-[4-(10,11<Jifluo^ °' 
a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-2-{3-[4-(10,11<iifluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-2-hydroxypro P oxy} 
or a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-2-{3-[4-(10,11^ifluo^^ 
pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti-2-{3-[4-(10,11^ifluor^^ ° r 
a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anth2-{H4-(10,1lH«l^^ 0f 3 

25 pharmaceutically acceptable salt or solvate thereof, and mixtu res thereof. 

A more preferred compound of the invention is (2R)-anti-1 -{3-[4-(1 0,1 1 '^ uorx ^ c ^ ro ^^ enZ ^^^ r ^^^' 
erazfn^ yl]-2-Sydroxypropoxy}naphtha,ene, or pharmaceutical* acceptable saKs or soh,a,es thereof. Th,s more pre- 

ferred compound is illustrated in Formula (Al): 

30 



15 



20 



35 



40 



45 



50 



55 




Formula (AI) 



Generally, the compounds of Formula (A) are prepared by following the procedures descnbed « 
olication PCT/US94/04215 and U.S. Patent No. 5,112,817, both incorporated herem by reference. The compounds ot 
Formula (A) are prepared by incorporating a 10,11 cyclopropyldibenzosuberone (optbnalty includ.ng non^dn^n 
suSueS aUhe and Repositions) in place o, the dibenzosuberone. The i0.11-cyc.opropy.d,benzosuberone can 
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be prepared, for example, as described in 'In-line Analogues of Tricyclic Antidepressants," by Ciganek et al J Med 
Chera, 1 981 , 24, 336-41 ; or in 'Aminoalkyldibenzo[a.e]cyclopropa[c]cycloheptene Derivatives. A Series of PoterUAmC 
depressants," by Coyne and Cusic, J.Med.Chem. . 1974, Vol. 17, No. 1, 72-75. 

To make the compounds of Formula (A) the aryl alcohol used to make the R3 component of Formula (A) must be 
a polyaryl (two to four fused aromatic carbocyclic ring) alcohol. The polyaryl alcohol is reacted as described in PCT 
Patent Application PCT/US94/04215 (Page 13, lines 35-44) and U.S. Patent No. 5,112,817 (Column 15 lines 21-52) 
with a compound selected from a group that may include a nosyl (such as 3-nitrophenyl-sulfonyl-glycidal) derivative 
as well as a tosyl or mesyl derivative of 1 xhloro-2,3-epoxybutane, 1 -bromo-2.3-epoxy-butane, epibromohydrin or ep- 
ichlorohydrin. 1 v 

Isolation and purification of the compounds and intermediates can be effected, if desired, by any suitable separation 
or purification procedure such as, for example, filtration, extraction, crystallization, column chromatography, thin-layer 
chromatography or thick-layer chromatography, or a combination of these procedures. 

The compounds of Formula (A) can be converted to corresponding acid addition salts. The conversion is accom- 
plished by treatment with a stoichiometric amount of an appropriate acid, which appropriate acid includes inorganic 
acids, such as hydrochloric acid, hydrobromic acid, sulfuric acid (giving the sulfate and bisulfate as acetic salts) nitric 
acid, phosphoric acid and the like, and organic acids such as acetic acid, propionic acid, glycolic acid pyruvic acid 
oxalic acid, malic acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid' 
cmnamic acid, mandehc acid, methanesulfonic acid, ethanesulfonic acid, salicylic acid, p-toluene-sulfonic acid hexa- 
noic acid, heptanoic acid, cyclopentanepropionic acid, lactic acid, o-(4-hydroxy-benzoyl)benzoic acid 1 2-ethanedi- 
sulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, p«hlorobenzenesulfonic acid, 2-naphthalenesul- 
fonic acid, camphorsulfonic acid, 4-methylbicyclo[2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid 4 4'-methyl- 
enebis(3-hydroxy-2-naphthoic) acid, 3-phenylpropionic acid, trimethylacetic acid, t-butylacetic acid, laurylsulfuric acid 
glucuronic acid, glutamic acid, 3-hydroxy-2-naphthoic acid, stearic acid, muconic acid and the like. In the salt-forminq 
step of this invention, the free base is typically dissolved in a polar organic solvent, such as methanol or ethanol and 
the acid is added in water, methanol or ethanol. The temperature is maintained at 0»C to 50»C. The corresponding salt 
precipitates spontaneously or can be brought out of solution with a less polar solvent, or by evaporation of the solvent 
or by cooling the solution. 

In the step of liberating the free base of Formula (A) according to the invention the acid addition salts of the com- 
pounds of Formula (A) can be decomposed to the corresponding free bases by treatment with an excess of a suitable 
base, such as ammon.a or sodium bicarbonate, typically in the presence of an aqueous solvent, and at a temperature 
between 0°C and 50°C. The free base is isolated by conventional means, such as extraction with an organic solvent 
The stoichiometric excess must take into account the number of equivalents of acid bound by the base of Formula (A)' 

As stated above, the present invention includes solvates of the compounds of Formula (A) and the pharmaceutical^ 
acceptable salts therein. A particular compound of the present invention or a pharmaceutical acceptable salt thereof 
may form solvates with water or common organic solvents. Such solvates are included within the scope of compounds 
of the present invention. r 

The compounds of the present invention are useful as drug and multidrug resistance modulators They are useful 
for treating drug and multidrug resistance after resistance becomes clinically evident, and can also be administered at 
the time of initial drug therapy, before any clinical resistance becomes evident, to enhance the activity of drugs from 
the beginning of drug administration. 

The compounds of the present invention are particularly useful for the treatment of drug resistant and multidrua 

resistant cancer and drug resistant malaria. 

The compounds of the present invention are also useful for enhancing the oral bioavailability of a drug 

The compounds of the present invention are also useful for enhancing bioavailability of a drug to the brain 

As stated above, the present invention includes mixtures of the compounds or pharmaceutical^ acceptable salts 

or solvates of Formula (A). Preferred mixtures consist of racemic mixtures containing at least one pair of enantiomers 

A preferred mixture is a racemic mixture of the 2R and 2S enantiomers of anti-1 -{3-[4-(1 0, 1 1 -difluorocyclopropyl-diben- 

zosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy}-naphthalene. 

Compounds are evaluated for their ability to show multidrug resistance modulation when coadministered with an 

oncolytic^Cell cytotoxicity assays are conducted by growing a P-glycoprotein-expressing multidrug resistant cell line 
w^r, 100 (available from ' amon 9 others . William Beck of St. Jude's Research Hospital in Tennessee) 

P388 VCR (available through DCT Repository, NCI, Frederick, MD) and CHCR5 (available from, among others Dr' 

Victor Ling, Vancouver, B.C. Cancer Agency, Vancouver, B.C.) in the presence of an appropriate oncolytic and the 

multidrug resistance modulator as described below. 

.« D MTT ' { 3 -( 4 - 5 - dime,n y | - thia20| - 2 -yl)-2.5-diphenyl tetrazolium bromide], DOX (doxorubicin), VP-16 (etoposide) and 
VLB (vinblastine sulfate) can be obtained from Sigma Chemical Co. (St. Louis, MO). Taxol® can be obtained from ICN 
Biomedicals, Inc. (Costa Mesa, CA). FBS (fetal bovine serum) can be purchased from Hyclone (Logan, UT). L-glutamine 
and Minimum Essential Media for suspension cultures (SMEM) can be purchased from GIBCO (Grand Island NY) 
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Tissue culture Seroclusters 96-well with round bottom wells can be obtained from Costar (Cambridge, MA). Tissue 
culture flask can be obtained from Corning Glass Works (Corning, NY)^ Selected wtth 100 

The human leukemia cell lines parenta. CCRF-CEM and the mul . drug re J s ant ^ 
ng/m» vinblastine) can be provided by William T. Beck (Beck, W. T, Mueller, M. J., 
y « L * • ;„ AiirainiH . Resistant Human Leukemic Lymphoblast, Cancer Hesearcn, o», 

I a SSbator with 95% air and 5% CO, Cel. number can be determined using a Coulter Counter model 

ZM - ^^^^^^ MTT dye reduce method (Denziot, R. Lang, R.Rapid colori- 
metr^asiy tor Z grol and survJmodifications to the tetrazo.ium procedure giving improved sensitrvity and 
reliability J ImmunglpaicalMethods, 89, 271 -277, (1 986)), as described: 

are halted during the logar ithmic growth phase, and seeded in 96-well serocluster plates at 7.5 X 10> cells/ 

prepared MTT (5 u pelleted at 1800 R.P.M. for 10 minutes in a Sorvall RT6000B centrifuge. After centrrfu- 

'"a on 7 0 ; Slum cZjSni- from each we.,, and 100 u, of 2-propano«/0.04 N HC. is 
TbSmazansta^^ 

"TTareSaled from semilog dose response cu.es in the presence and absence o, modulators for both the 
paJr^^SSS !ne, The 1 shift is calculated as the ,C S0 for cel.s treated with oncotic alone d,v,ded by 

,.,Min^S^B Ttaxo The IC so ofTaxo® is determined in thepresenceof va^ing concentrations of the mod^r, 

sliiM, to the anti-mala.M drug h Ih. <tag r.>i«« sp.cs by cdm.maat™ <* *• »* 

malarial drua and the druq resistance modulator of choice. t „„^rH r «i 

of the druo or its ^ metaboSes in the blood using standard blood analytical techniques. The test is run twice, once with 
i^ jS^L the second time the drug is administered in the presence of a druj j^ance 
mLuSrThe results a'e compared to see how much more compound is ora.ly bioavailable when the modulator .s 

"Tin potest for movement of a compound across the blood-brain barrier is begun by growing a confluent : rron- 
olaveTof i bovine brain endothelial or mouse brain capillary endothelial cells on a porous finer support to fonr a 
endo'Sum cell .ayer. The filter support is placed in a vessel containing phosphate buffered saline such that the 
nniv tor maTeria s to qet from one side of the vessel to another is through the cell layer/porous filter support. 
\" y JwnTo^o^ 

are remoTd'roJ the non serosa, side of the cell layer/porous filter at 15-30 minute ""^"T ' T ™ 
pLriS standard anatytical techniques are used to determine the amount of known compound ,n the sample. This 
information is used to calculate the base line permeability of the cell layer/porous filter. 

The SI of interest (e g , oncolytic or anti-malarial) is then placed on one side of a vessel containing fresh saline 
and me same Wpe o ce I layer/porous filter barrier. Samples are removed from the other side a. 1 5-30 minute interva s 
over a sThouTtfme period Standard analytical techniques are used to determine the amount of drug of interest ,n 
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those samples. The amount of drug of interest that migrates across the barrier is indicative of the base line permeability 
of the cell layer/porous filter for that drug. Hemioauimy 

The test is then repeated, only this time the drug of interest and a drug resistance modulator are both pfeced on 

r^fth h V6SS f r Pared 33 bef ° re Sampl6S 3re pU " ed and teS,S are ™ as desc ^ d above to see how muS 
more of the drug of interest migrates across the celMayer/porousfirter support with the drug resistance modula^be'g 

An in wo test to determine whether a drug administered to a mammal has crossed the blood brain barrier is to 

Sr'in th 9 ,0 . T ^ ^ aCC6P,able mannef and ,hen ,est for the P resen «= e °< the drug or its rneib 
olites, in the mammal's cerebrospinal fluid. 

The compounds of the present invention may be administered to any mammal. Of all mammals it is believed that 
humans will benefit the most from administration of these compounds 

for th T e h co3nd?o S * F ° rmU ' a W adminiStered at 3 'herapeulically effective dosage, e.g., a dosage sufficient 

!Sn?diseTe r mU ' tidrU9 reSiS ' anCe modu,a,or coadministered with a treatment drug for a drug or multidrug 

(ii) enhance the oral bioavailability of a drug; and/or 

(iii) enhance the bioavailability of a drug to the brain. 

Treatment of a disease includes: 

(i) preventing the disease, that is, causing the clinical symptoms ol the disease not to develop- 

(ii) inhibiting the disease, that is, arresting the development of clinical symptoms- and/or 
(in) relieving the disease, that is, causing the regression of clinical symptoms. 

druQ^atZ^thfHii' 0 ^" 13 (A ! i yPiCa " y COadminis,ered ei,he ' before, during or after the administration of a 
S h I 1 T 6 ' n qUeSt ' 0n - A Pre ' erred administrati °" schedule is a continuous infusion over the 24 hour 
period during which the treatment drug is also administered. For cancer, a treatment drug would be a cancer chemo 
therapeutic agent, including, but not limited to, pacli.axel, doxorubicin, adrfcmycin, etopoLe, ten^™ b £Z 
™cr,st l ne,m,tomyc,nC,dauno^ 

drug, mcluding but not limfted to, pamaquine, primaquine, mepacrine, doxycycline chloroquine. arnXufne qu nine 
qumidme, pyrimethamine, proguanil, mefloquine and sulphadiazine amoc.aqume, quinine. 

100 £2?^^ 

mn/S^ ^ e ! tOab0Ut 1 9 /M2 ° fbod y ^rface area, preferably from about 200 mg/M* to about 800 

mg/M* of body surface area and most preferably from about 400 mg/M* to about 500 mg/M* of body surface area The 
amount of drug or mul.idrug resistance modulator compound administered will, of course, be OeSlen^ZZlwl 

ii ni e ir se st ? being treated - ,he severi,y ° f ,he aff,ic,ion ' ,he manner and «*«^ - -ihSissns 

othe aov^nd ,°h n ^ Pr,0 [ t0 , T Ce ' Chemo,hera Py as com P a " d * Ravenous administration during cancer chem 
otherapy) and the judgment of the prescribing physician 

tr aa tm<fnfr 9e ST" °' thedisease treatment dru 9 is ad J usled 'or each recipient to maximize the efficacy of the disease 

mmteredwithadisease treatment drug, the dosage of the disease treatment drug may stay the same or be decreed 
depending upon the efficacy of the drug or multidrug resistance modu.ator in performing ils function 

accep^Se mode S^ST? °' ^^^J* ,rea,ment of dru 9 <* multidrug resistance, any pharmaceutical 
acceptable mode of administration can be used. The compounds of Formula (A) can be administered either alone or 
n combination w„h other pharmaceutical^ acceptable excipients. These include solid, ~«iJ^w1Z£ 

S Fo^n S ' T^fT'"' P owders ' *^ ^-pensions, suppositories or the like. The^mpounds 

of Formula (A) can also be administered in sustained or controlled release dosage forms, including depot infections 

ofThe S mP \ P T ,fa h d6rmal (indUdin9 eteC,r ° ,ranS P° rt > «- the ,L, for the fJ^^SSS, 

££n£T 3 3 Pfede,ermined ra,e ' P referab| V m d <*age forms suitable for single admiration of p^cise 
T^flTT™T **** inC ' Ude 3 C ° nVen,i0nal Pharmaceutical carrier, di.u'en. or excip^Tani a com 
W ° r a Pharmaceutically acceptable salt thereof. In addition, these compositions may include other 
medcina, agents, pharmaceutical agents, carriers, adjuvants, etc., such as the cancer chemotherapeutic agent 2Z 

ron.2n n , e,a " y ^Tn^l™ me imended m ° de °' administra ti°n, the pharmaceutical^ acceptable composition will 
conta n t orn about 0.005% to about 95%, preferably from about 0.5% to about 50%, by weight of a compound o^sa 
or senate o, Formula (A), the remainder being suitable pharmaceutical excipients, carriers and diluentT 

One manner of administration for the conditions detailed above is oral, using a convenient daily dosage regimen 
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whichcan be adjusted according to thedegreeof affliction. For such ^'^"^■"P^T*"^'^^.'' 
composition is formed by the incorporation of any of the normally employed exc.pients, such as, fc , examp e, 
mannTot lactose, starch, magnesium stearate, sodium saccharine, talcum, cellulose. sodium ^osscarmellose^g lu- 
cose geiatin, sucrose, magnesium carbonate, and the like. Such compositions include solutes, suspenses, tablets, 
rii^oersible tablets pills capsules, powders, sustained release formulations and the like. 

'p^rabt the oral compositions will take the form of a pi.l or table,. Thus, the composition will contain along w,th 
the actwe ingredient- a diluent such as lactose, sucrose, dicalcium phosphate, or the like; a lubricant such as magna- 
siur^ ! rarate or the like; and a binder such as starch, gum acacia, gelatin, polyvinylpyrrolidone, cellulose and denv- 

^3^-— yadministrablecompositions can, for example, be prepared bydissoiving^ 
an active compound as defined above and optional pharmaceutical adjuvants in a earner, such as. for example , wate 
Sl£ mannitol aqueous dextrose, glycerol, glycol, ethanol and the like, to thereby form a solution or suspension. If 
deSed the pharmaceutical composition to be administered may also contain minor amounts of non toxic .uatay 
substances s P UC h as wetting agents, emulsifying agents, or solubilizing agents, pH buffering agents and the hke for 
2SnS%um citrate, cyclodextrine darrvatrves. sorbitan monolaurate, triethanolamine sodium acetete^ 
SL. oleate. etc. Actual methods of preparing such dosage forms are known or will be apparent^ those 
sktlled in this art; for example, «~ Reminaton's Pharm aceutical Sciences, Mack Publishing Company, Easton, Penn- 

^'"pa^era'aS is generally characterized by injection (e.g. subcutaneous.y, intramuscu.arly, intrave- 
nouS ° fusion through a cental line. Injectabies can be prepared in conventional forms, either < u jhqujd so = 
or suspensions, solid forms suitable for solution or suspension in liquid prior to inject, on. or a ^ muls !°^ S p U ( ; a t b '" 
excipients are, for example, water, saline, dextrose, glycerol, ethanol, mannitol or the like. In addition, rt des, £ the 
Pharmaceutical composes to be administered may also contain minor amounts of non-tox.c auxil.ary substances 
cTas weS or emulsifying agents, P H buffering agents, solubility enhancers, and the like, such asf- examp e 
sodium acetate, sorbitan monolaurate, triethanolamine oleate, cyclodextrins, etc. A preferred quid solution for 
parenteral administration contains an appropriate amount of compound in a 5% so.ution «<^ r£^ 0{ 

A more recently devised approach for parenteral administration employs the implan ation of a slow-re lease or 
sustained-release system, such that a constant level of dosage is maintained. See. e.g., U.S. Patent No. ^710,795. 

The P ercenLge y of active compound contained in such parentera. composes is highly dependent on the specie 
nature thereof, as wel. as the activity o, the compound and the needs of the subject. However, percentages of acftve 
ingredient of from about 0.01 % to about 10% in so.ution are employable, and will be higher ,f the composite ns a sohd 
which will be subsequently diluted to the above percentages. Preferably, the parenteral composite will contain from 
about 0 2% to about 2% of the active agent in solution. i 

The preferred manner o, administering the active compound is. at the present time, infusion through a central line. 

EXAMPLES 

The following preparations and examples are given to enable those skilled in the art to more clearly understa^ 
and to practice the present invention. They should not be considered as limiting the scope of the invention, but merely 

as being illustrative and representative thereof. 

Example 1 

A) (S) 1-(1-Naphthyloxy)-2,3-epoxy propane 




(i) 



To a suspension of 48 mg (1 .20 mmol) of sodium hydride (60 % in mineral oil) in 3 mL of DMF we r e ^ J "3 
mg (1 .20 mmol) of 1 -naphthol while stirring at 0-C. The reaction was allowed to warm to 25"C and st.rred an additional 
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1 hour. The reaction was recooled to 0°C, and a solution of 260 mg (1 .0 mmol) of (S)-(-)-(3-nitrophenylsu[fonyl)-glycidol 
in 1 mL of DMF was added dropwise. The reaction was stirred at 0°C for 2 hours, poured into 25 mL of brine and the 
product extracted into ethyl acetate (5X). The combined organic extracts were dried over sodium sulfate and concen- 
trated in vacuo to give 240 mg of the compound of Formula (i) (S) 1-(1-Naphthyloxy)-2,3-epoxypropane, which was 
used without further purification. 

B)(2R)-ant i-1 -{3-[4-(1 0, 1 1 -dif I uorocyc lopropyld ibenzosuber-5-yl)piperazin-1 -y l]-2-hydroxypropoxy} 
naphthalene 



K F 




0 






8 










4 


5 


(AI) 





A solution containing 50 mg (0.25 mmol) of 4'-H-1 '-(1 0, 1 1 -difluorocyclopropyldibenzosubarane)piperazine and 84 
mg (0.26 mmol) of (S) 1 -(1 -Naphthyloxy)-2,3-epoxypropane (i) in 2 mL of isopropanol was heated at reflux for 18 hours 
The reaction was cooled to 25°C and concentrated in vacuo. This crude material was purified by flash chromatography 
on a silica gel column using 2% methanol-methylene chloride as the eluent. The major fraction was collected and 
concentrated in vacuo to give 150 mg of a white amorphous solid. A name for the structure of Formula (AI) is (2R)- 
anti-1 -{3-[4-(1 0, 1 1 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-2-hydroxypropoxy}naphthalene mp (free 
base) = 84-90° C. 

In vitro testing of this compound on the P-glycoprotein expressing cell line CEM/VLB100 for multidrug resistance 
with the cancer chemotherapeutic drug Taxol® showed a Rev 100 (u.M) of 1 .0 and a Rev 50 (u.M) of 0.70. 

The following formulation examples are illustrative only and are not intended to limit the scope of the invention in 
any way. "Active ingredient" means a compound of Formula (A) or a pharmaceutical^ acceptable salt or solvate thereof. 

Formulation 1 



Hard gelatin capsules are prepared using the following ingredients: 





Quantity (mg/capsule) 


Active ingredient 


250 


Starch, dried 


200 


Magnesium stearate 


10 


Total 


460 mg 
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Formulation 2 

A tablet is prepared using the ingredients below: 



10 



20 



25 



30 



35 





Quantity (mg/capsule) 


Active ingredient 


250 


Cellulose, micro crystalline 


400 


Silicon dioxide, fumed 


10 


Stearic acid 


5 


Total 


665 mg 



The components are blended and compressed to form tablets each weighing 665 mg. 

15 Formulation 3 

Tablets, each containing 60 mg of active ingredient, are made as follows: 



40 



45 





Quantity (mg/tablet) 


Active ingredient 
Starch 

Micro crystalline cellulose 

Polyvinylpyrrolidone (as 10% solution in water) 

Sodium carboxymethyl starch 

Magnesium stearate 

Talc 

Total 


60 
45 
35 
4 

45 
05 
1 

150 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve **™<»**^^ 
TheaqueoussoluLcontainingpolyvinylpyrroiidoneism 

throuah a No 14 mesh U S sieve. The granules so produced are dried at 50°C and passed through a No. 18 mesh 
U S s^eve The sodium carboxymethyl starch, magnesium stearate and talc, previously passed through a ^ 
u'i sieve are then added to the granules whk=h, after mixing, are compressed on a tablet machme to y,eld tablets 

each weighing 150 mg. 

Formulation 4 

Capsules, each containing 80 mg of active ingredient, are made as follows: 





Quantity (mg/capsule) 


Active ingredient 


80 


Starch 


59 


Micro crystalline cellulose 


59 


Magnesium stearate 


2 


Total 


200 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a No. 45 mesh U. 
S. sieve, and filled into hard gelatin capsules in 200 mg quantities. 

Formulation 5 

55 Suppositories, each containing 225 mg of active ingredient, are made as follows: 
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Quantity (mg/unit) 


Active ingredient 

Saturated fatty acid glycerides 

Total 


225 
2,000 
2^25 



The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated fatty acid 
glycerides previously melted using the minimum heat necessary. The mixture is then poured into a suppository mold 
of nominal 2 g capacity and allowed to cool. 



Formulation 6 



Suspensions, each containing 50 mg of active ingredient per 5 mL dose, are made as follows: 





Quantity 


Active ingredient (s) 


50 mg 


Sodium carboxymethyl cellulose 


50 mg 


Syrup 


1.25 mL 


Benzoic acid solution 


0.10 mL 


Flavor 


q.v. 


Color 


q.v. 


Purified water to total 


5mL 



The active ingredient is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxymethyl 
cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted with a portion of 
the water and added, with stirring. Sufficient water is then added to produce the required volume. 

Formulation 7 



An intravenous formulation may be prepared as follows: 





Quantity 


Active ingredient 
Isotonic saline 


100 mg 
1,000 mL 



Claims 



1. A compound of Formula (A): 
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R' R 2 




polyaryl; and pharmaceutically acceptable salts or solvates thereof. 

A compound of Claim 1 selected from the group 2. A compound o, Claim 1 selected from the group consisting o, 

tfRVanti-HWOJ^ifluo^^ 

lene, or a pharmaceutically acceptable salt or solvate thereof, 

(2R).anti.H3.[4. (1 0,11.difluo^ 

threne, or a pharmaceutically acceptable salt or solvate thereof, 
( 2R)*rtl-1-{3-[4-(10.^ 

or a pharmaceutically acceptable salt or solvate thereof, 
(2R).anti-HM4-(10,11-difluo^ 

nylene, or a pharmaceutically acceptable salt or solvate thereof, 

(2F^-M4-(10.11^u^^ 

a pharmaceutically acceptable salt or solvate thereof, 

(2R) . syn . 1 . { 3-[4-(10,11-dif.uoroc y clopro P yldibenzosuber.5- y l)piperazin-1-yl]-2-hydrox yP ropoxy}naphth a - 
lene, or a pharmaceutically acceptable salt or solvate thereof, 

(2R) . syn . 1 . {3 . I 4-( 1 0.11-d^ 

threne, or a pharmaceutically acceptable salt or solvate thereof, 

(2R) . syn O- { 3.[4-(10.11-difluo^^ 

or a pharmaceutically acceptable salt or solvate thereof, 

(2R) . syn . 1 . { 3-24-( 1 0,11-difluoroc y clopropyldibenzosuber-5-yl)piper a zin-1.yl]-2-hydroxypropoxy}triphe- 
nylene, or a pharmaceutically acceptable salt or solvate thereof, 

(2R) . syn . H 3 W 10,11-difluoro^ ° f 
a pharmaceutically acceptable salt or solvate thereof, 

(2R)-antiO- { 4-[4-(lO,11-difluoroc y clo P rop y idibenzosuber.5.yl)piperazin-1- y l]-2-hydroxybutoxy}naphth a lene, 
or a pharmaceutical^ acceptable salt or solvate thereof, 

(2R)-anti-1-{4-[4-(10,11«^^ 
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threne, or a pharmaceutical^ acceptable salt or solvate thereof, 
(2R)-anti-1.{4-[4-(10,li-difluo™ 

or a pharmaceut.cally acceptable salt or solvate thereof, '°*y°ui°xyjantnracene, 

(2R)-anti-1 -{4-[4-(10, 1 1 -difluorocyclopropyldibenzosuber-5-yl)piperazin-1 -yl]-3-hydroxybutoxv}na D hthalene 
or a pharmaceutically acceptable salt or solvate thereof, yaroxyDuioxyjnaphthalene, 

2n?!i;!; { i I4 " (1 ^ 

threne, or a pharmaceutically acceptable salt or solvate thereof, y/M"«" d n 

(2R)-anti-1 -{3-{4-(1 0, 1 1 -fluorocyclopropyldibenzosuber-S-ylJpiperazin-l -yl]-2-hydroxypropoxy} P henan- 
threne, or a pharmaceutically acceptable salt or solvate thereof, xypropoxy}phenan 
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anti-1-{2-[4-(10,11-cyclopropyldibenzosuber-5-yl)piperazin-1-yl]ethoxy}phenanthrene. or a pharmaceutical^ 

acceptable salt or solvate thereof, 

anti-1.{2.[4-(lO,11-cyclopro P yldibenzosuber^^ 

ceptable salt or solvate thereof, 

a n ti-1-{2-[4-(10,11-cyclo P ro P yldibenzo SlJ ber-5- y l)pipera Z in-1-yl]e.hoxy}triphenylene, or a pharmaceutically 
acceptable salt or solvate thereof, 

a nt,-1-{2-[4-(10,11-cyclopropyldibenzosuber-5-yl)pi P erazin-1-yl]ethoxy}chrysene, or a pharmaceutical ac- 
ceptable salt or solvate thereof, 

(2R)-anti-2-{3-[4-(10,11-difluorocyclopropyldibenzosuber-5-yl)piperazin-1- y i]-2-hydroxypr O poxy}naphtha- 
lene, or a pharmaceutical^ acceptable salt or solvate thereof, 

( 2R) - a nti-2-{3-[4-(10,11-difluoro^^ 

threne, or a pharmaceutical^ acceptable salt or solvate thereof, 

(2R)-anti-2.(3-[4-(10, 1 1-difluorocycloprop y ldibenzosuber-5-y.)piperazin- 1 -yl]-2-h y drox yP ropoxy}anthracene, 
or a pharmaceutical^ acceptable salt or solvate thereof, 

(2R)-anti-2-{3-[4-(10,11-difluorocyclop^ 

nylene, or a pharmaceutical^ acceptable salt or solvate thereof, 

(2R)-anti-2-{3-[4-(10,11<lifluorocyclopro Py ldibenzo S uber-5- y l)piperazin-1- y l]-2.h y drox yP or 
a P harmaceutically acceptable salt or solvate thereof, 

( 2 S)-anti-1-{3-[4-(10,11-difluoroc y clop^ 

lene, or a pharmaceutical^ acceptable salt or solvate thereof, 

(2S)-anti-1 -{3-[4-d 0.1 1 -difluorocyclopro P yldiber,zosuber-5-yl)piperazin-1 .yl]-2.hydroxypro P oxy}phenan- 
threne, or a P harmaceuticali y acce P table salt or solvate thereof, 

( 2 S)-anti-1-{3-[4-(10,11-difluoroc^^ 

or a pharmaceutical^ acceptable salt or solvate thereof, 

(2S)-anti-1 -{3-14-0 0.11 -difluoro C yclopro P yldibenzo S uber-5-yl)piperazir,-1 -yl]-2-hydroxypro P oxy}triphe- 
ny iene, or a P harmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-<3-[4-(10,11^^ °' 
a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti.1-{4-[4-(10,11-difluorocyclopropyldibenzosuber-5-yl)piperazin-1-yl]-2-hydroxybutoxW 
or a pharmaceutically acceptable salt or solvate thereof, 

(2S)-anti.1-{4-[4-(10,11-difluorocyclopro P yldibenzosuber-5-yl) P i P erazin-1-yll-2-hydroxybuto^ 
threne, or a pharmaceutically acceptable salt or solvate thereof, 

(2S)- a nti-1-{4-[4-(10,11-difluorocy C lo P ro Py ldibenzo S uber-5-yl) P i P erazin.1-yl]-24 l ydroxybutoxy}anthra C ene, 
or a P harmaceuticall y acce P table salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10,11-difluoroc y clo P rop y ldibenzosuber-5-yl)piper a zin-1-yll-2-hydroxybutoxy}triphen y iene. 
or a pharmaceutical^ acceptable salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10,11-difluo^^ 
P harmaceutically acceptable salt or solvate thereof, 

(2S)-anti-1-{4-[4-(10,11-difluorocycloprop y ldibenzosuber-5- y i)piperazin-1-yl]-3-hydroxybutoxy}naphthalene, 
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or a pharmaceutical^ acceptable salt or solvate thereof, 

threne, or a pharmaceutical^ acceptable salt or solvate thereof, 

(2S>-anti-1 -{4-[4-(1 0 i,11 -difluorocyclopro P yldibenzo S uber-5.yl)piperazin-1-yl]-3-hydroxybutoxy}anthracene 
or a pharmaceutically acceptable salt or solvate thereof, y^-unrdcene, 

( 2S )- anti -W4-[4-(10,^difluorocyclop^^ 

or a pharmaceutically acceptable salt or solvate thereof, ^youioxyjinpnenylene, 
(2S)-anti-1-{4-[4-(10,11-difluorocyclopropyldiben 

pharmaceutically acceptable salt or solvate thereof, «*y/onrysene, or a 

pharmaceutically acceptable salt or solvate thereof, apmndiene, or a 

(aSJ-anti-Ha-^-OO.I^ 

pharmaceutically acceptable salt or solvate thereof, yjpnenanmrene, or a 
(2S)-anti-1-{3-^ 

pharmaceutically acceptable salt or solvate thereof, yjamnrdcene, or a 
SlteSS ». 

(2S)-anti-1 .(3-[4-(1 0 1 -^oroc y clo P ropyldibenzosuber-5-yl) P ipera 2 in-1.yl].2-h y dr 0 x y propox y ]naphthalene 
or a pharmaceutically acceptable salt or solvate thereof, yjr.dpmnaiene, 

t ( h»„T M " {3 k 4 " (1 0,11 " flUOrTCyclOprO Py |dibenz ^ uber - 5 -y0Pipera2ln-1-yl]-2-hydroxypro P oxy} P henan- 
threne, or a pharmaceutically acceptable salt or solvate thereof, yjpnenan 

( 2 S)-an>M-{3-[4-(10,11-fluo^^ or 
a pharmaceutical^ acceptable salt or solvate thereof, "puxyjanmracena, or 

(2S)-anti-1 - { 3-[4(1 0 ',11 -fluoroc y clo P ropyld,benzosuber-5-yl)piperazin-1 -ylj^-hydroxypropoxyjtriphenyleoe 
or a pharmaceutically acceptable salt or solvate thereof, ^*yjmpnenyiene, 

(2S).antM-{3.[4-(10,11-fluorocyclopro P yldiben 2 osuber-5 7 l)pi P era 2 in-1-yl]-2-hydroxypropoxy}chrvsene or a 
pharmaceutically acceptable salt or solvate thereof, xypropoxyjcnrysene, or a 

lene, or a P harmaceuticallyacce P table salt or solvate thereof, 

threne, or a pharmaceutically acceptable salt or solvate thereof, 
(2S)-anti-2-{3-[4-(1 0, 1 1 -difluorocyclopropyldib^ 

or a pharmaceutically acceptable salt or solvate thereof, y°roxypropoxy)anthracene, 

nylene, or a pharmaceutically acceptable salt or solvate thereof, 
(2S)-anti-2-{3-[4-(10,11-difluoro^ 

a pharmaceutically acceptable salt or solvate thereof; and mixtures thereof 0X yP ra P°xyjchrysene, or 
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3 A compound of Claim 1 which is: ( 2 R ) .anti-1- { 3-[4-(10,11-diflu O ro C y C lo.propyldibenz OS ub e r-5-yl)pipera 2 in-1-yl]- 
2-hydroxypropoxyl-naphthalene. or a pharmaceutical^ acceptable salt or solvate thereof. 

4. A pharmaceutical composition comprising a compound or a salt or solvate thereof of Claim 1 in association with 
s a pharmaceutical^ acceptable carrier, diluent, or excipient. 

5 The use of a compound or salt or solvate thereof of Cfcim 1 and an effective amount of a treatment drug for the 
manufacture of a medicament for the treatment of a drug resistant disease. 

,o 6 The use of a compound or salt or solvate thereof of Claim 1 and an effective amount of a treatment drug for the 
manufacture of a medicament for the treatment of multidrug resistant disease. 

The use of Claim 5 in which the drug resistance is caused by the action of P-glycoprotein. 

8. The use of Claim 5 in which said drug resistant disease is cancer and said treatment drug is a cancer Chemother- 

apeutic drug or drugs. 

9. The use of Claim 5 in which said drug resistant disease is malaria, and said treatment drug is an anti-malaria, drug 

or drugs. 

10. The use of Claim 6 in which said multidrug resistant disease is cancer and said treatment drug is a cancer chem- 

otherapeutic drug or drugs. 
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